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IMAGE FORMATION DEVICE ENABLING
SWITCHING BETWEEN COLOR PRINTING
MODE AND MONOCHROME PRINTING
MODL

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention relates to a color printer, fax machine,
photocopier, or other image formation device which forms
images using electrophotographic technology, and 1n par-
ticular relates to an 1image formation device enabling switch-
ing between a color printing mode and a monochrome
printing mode, and which moreover aflords increased flex-
ibility in mounting a developing unit 1n the monochrome
printing mode.

2. Description of the Related Art

Image formation devices which form 1mages using elec-
trophotographic technology, provided for example 1n color
printers, have an image carrier in which 1s formed an
clectrostatic latent 1mage according to image data; a charg-
ing unit which charges the outer surface of the image carrier;
an exposure unit which exposes the outer surface of the
charged 1image carrier according to image data, to form an
clectrostatic latent image; a developer device which supplies
toner, as a developing agent, to the electrostatic latent image
to develop a toner 1mage; and a transfer unit which causes
the toner 1mage to be transierred to a media. The developer
device detachably holds a plurality of developing units
which house color toners, and has a developer unit holder
which causes the approprniate developer unit to be brought
into proximity with the image carrier according to the
development timing. This developer unit holder 1s normally
a rotatably controlled developing rotary. When performing
color printing, development units with color toner 1n a
plurality of colors, for example, four colors (yellow or Y,
magenta or M, cyan or C, and black or K) 1s mounted 1n the
developing rotary. When performing monochrome printing
using only black toner, a black development unit 1s mounted
in the developing rotary.

An 1mage formation device has been proposed which can
be put mnto a color printing mode 1 which a four-color
development unit 1s mounted, or into a monochrome print-
ing mode in which only a black development unit is
mounted, with the user able to switch between the two
modes as appropriate. Such an 1image formation device has
been proposed 1n, for example, Japanese Patent Laid-open
No. 2003-437°73 (Publication Date: Feb. 14, 2003), Japanese
Patent Laid-open No. 2003-316106 (Publication Date: Nov.
6, 2003), and Japanese Patent Application No. 2003-160059.

In Japanese Patent Laid-open No. 2003-43773 and Japa-
nese Patent Application No. 2003-160059, an image forma-
tion device 1s disclosed 1n which the color printing mode 1s
set when four color development units are mounted 1n the
developing rotary, and the monochrome printing mode 1s set
when a single black development unit 1s mounted only 1n the
mounting position for the black development unit of the
developing rotary, with no development units mounted 1n the
other mounting positions, which are CMY positions.

In Japanese Patent Laid-open No. 2003-316106, an image
formation device 1s disclosed in which the mounting posi-
tions 1n the developing rotary are not in fixed one-to-one
correspondence with development units 1n four colors, and
a development unit of an arbitrary color can be mounted 1n
an arbitrary mounting position. In this 1mage formation
device, information on the color of the developing agent 1s
read from memory provided in the development unit, to
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2

detect which color development units are mounted 1n which
positions of the developing rotary, and based on the detected

positions, rotation of the developing rotary is controlled in
the development process. Specifically, in Japanese Patent
Laid-open No. 2003-316106, when development units 1n the
tfour CMYK colors are mounted, the device operates as a
color printer, and when only the black development unit 1s
mounted, the device operates as a black monochrome
printer.

Further, an 1image formation device has been proposed 1n
which, by mounting black development units 1 all four of
the mounting positions of the developing rotary and setting
the monochrome printing mode, the number of times devel-
opment units need to be replaced can be reduced. Such an
image formation device 1s disclosed in Japanese Patent
Laid-open No. 2002-351190 (Publication Date: Dec. 4,
2002). In this 1mage formation device, by mounting four
black development units in the four mounting positions of
the developing rotary for color printing, reading memory
provided in the development units, detecting the mounting
positions, color information, and amount of toner remaining,
and by using the black development units 1n order, the
frequency of replacement of development units in mono-
chrome printing mode can be reduced, even for small-type
development devices.

SUMMARY OF THE INVENTION

In the 1mage formation devices disclosed in each of
Japanese Patent Laid-open No. 2003-437773, Japanese Patent
Laid-open No. 2003-316106, and Japanese Patent Applica-
tion No. 2003-160059, switching between color printing
mode and monochrome printing mode 1s possible; but 1n all
cases, 1t 1s not possible to improve the flexibility of mount-
ing and replacing development units for monochrome print-
ing, while optimally maintaining the image quality and
printing speed of color printing.

For example, the image formation devices of Japanese
Patent Laid-open No. 2003-43773 and Japanese Patent
Application No. 2003-160059 operate 1 color printing
mode when four-color (CMYK) development units are
mounted 1n the developing rotary, and operate 1 mono-
chrome printing mode when only one black development
unmit 1s mounted in the black position of the developing
rotary. Hence 1n order to set the monochrome printing mode,
the black development unit must be mounted only 1n the
black position, and mounting of the black development unit
in other positions 1s not allowed; hence there 1s the problem
that there 1s no flexibility or freedom 1n the development unit
mounting position, detracting from user convenience.

On the other hand, since the image formation device of
Japanese Patent Laid-open No. 2003-316106 allows mount-
ing of development units 1n four colors (CMYK) 1n arbitrary
positions in the color printing mode, therefore the image
quality and printing speed cannot be optimized. For
example, when high i1mage quality can be ensured by
performing development in CMYK order considering toner
overlap printing, 11 the development units are mounted 1n the
developing rotary in CYKM order, then in the printing
process the developing rotary must be rotated back and
forth, so that printing speed 1s worsened compared with the
case of rotation in order. Conversely, 1 the printing process
1s executed in the CYKM order of the mounted development
units, with emphasis placed on printing speed, then 1mage
quality may sufler compared with the case 1n which the toner
overlap printing order 1s optimal.
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Moreover, 1n Japanese Patent Laid-open No. 2003-43773,
Japanese Patent Laid-open No. 2003-316106, Japanese
Patent Application No. 2003-160039 and Japanese Patent
Laid-open No. 2002-351190, there 1s no description of a
method of displaying to the user the amount of toner
remaining in monochrome printing. As the freedom of
mounting of development units for monochrome printing 1s
raised, i1t 1s 1mportant, in the interest of user convenience,
that the amount of toner remaining in the mounted devel-
opment units be displayed to the user.

Hence an object of this invention 1s to provide an 1mage
formation device which enables 1mproved flexibility of
mounting and replacement of development units for mono-
chrome printing, while maintaining optimal color printing
image quality and printing speed.

A further object of this invention 1s to provide an 1image
formation device which enables display of the amount of
toner remaining, 1n order to 1improve convenience to users.

In order to attain the above objects, 1n a first perspective
of the invention, an 1mage formation device, comprising an
image carrier in which 1s formed a latent 1mage and a
development device i which are detachably mounted a
plurality of development units housing a developing agent,
1s characterized in that:

when development units of a plurality of colors, used to
form color 1images are mounted in respectively predeter-
mined mounting positions of the development device, opera-
tion 1s 1n color printing mode; and,

a development unit of a single color among the develop-
ment units of the plurality of colors 1s mountable 1 any
mounting position of the plurality of mounting positions,
and when the development unit of a single color 1s mounted
in any of the positions of the plurality of mounting positions,
operation 1s 11 monochrome printing mode.

In a preferred embodiment of the first perspective, the
plurality of mounting positions of the development device
receive mounting of the respective corresponding develop-
ment units 1 a plurality of colors via respectively diflerent
engaging structure, and the single-color development unit
has an engaging structure enabling mounting in any of the
plurality of mounting positions.

In order to attain the above objects, 1n a second perspec-
tive of the invention, an 1image formation device, having an
image carrier in which 1s formed a latent 1image and a
development device i which are detachably mounted a
plurality of development units housing a developing agent,
1s characterized 1n that:

a plurality of color development units used to form color
images are mountable 1n respectively predetermined mount-
ing positions of the development device, and when the
development units 1n a plurality of colors are mounted 1n the
reserved mounting positions, operation 1s in color printing,
mode;

a development unit of a single color among the develop-
ment units of a plurality of colors 1s mountable 1in any
mounting position of the plurality of mounting positions,
and when the development unit of a single color 1s mounted
in any of the positions of the plurality of mounting positions,
operation 1s 1 monochrome printing mode; and,

the development units have storage element for storing
color information and remaining amount information for the
developing agent housed therein; and further having

display unit for displaying, according to the color infor-
mation and remaining amount information stored in the
storage element of development units mounted 1n the devel-
opment device, information as to whether the development
units are mounted and remaining amount information for
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development agents of mounted development units in cor-
responding to the plurality of mounting positions.

According to the first perspective, 1n color printing mode
the development units of a plurality of colors for color
printing are mounted in the respective reserved positions
determined 1n advance, so that development processing can
be performed in the optimum order, enabling high 1mage
quality and high printing speed, whereas 1n monochrome
printing mode, a single-color development unit for mono-
chrome printing can be mounted 1n any of the mounting
positions ol the development device, so as to increase
flexibility when replacing development units, and improve
user convenience.

According to the second perspective, because a develop-
ment unit 1n monochrome printing mode can be mounted 1n
an arbitrary position and in arbitrary number, whether a
development unit 1s mounted 1n a corresponding mounting
position, and the amount of developing agent remaining are
displayed, so that the task of replacing monochrome devel-
opment units can be made easy.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 shows the principal configuration of the image
formation device of the embodiment, when 1n color printing
mode;

FIG. 2 shows the principal configuration of the image
formation device of the embodiment, when 1n monochrome
printing mode;

FIG. 3 shows the principal configuration of the image
formation device of the embodiment, when 1n monochrome
printing mode;

FIG. 4 shows the principal configuration of the image
formation device of the embodiment, when 1n monochrome
printing mode;

FIG. 5 shows the configuration of the control unit 100 1n
the embodiment;

FIGS. 6 A-6C show the rotational operation of the devel-
opment device;

FIGS. 7TA-7D show the engaging means of the develop-
ment device and development units;

FIG. 8 1s a flowchart showing printing mode judgment
operation 1n the embodiment;

FIG. 9 shows a judgment table for printing mode judg-
ment,

FIG. 10 1s a flowchart showing operation in black mono-
chrome printing mode;

FIGS. 11A-11D show examples of the mounted state of
development units and of display panel displays 1n black
monochrome printing mode;

FIGS. 12E-12H show examples of the mounted state of
development units and of display panel displays 1n black
monochrome printing mode; and,

FIG. 13 shows an example of display of development unit
mounted positions and toner amounts remaining, by means
of the printer driver of the host computer.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

Below, the embodiments of the mvention are explained
referring to the drawings. However, the technical scope of
the 1nvention 1s not limited to these aspects, but extends to
the inventions described in the scope of claims and to
inventions equivalent thereto.

FIG. 1 shows the principal configuration of the image
formation device of the embodiment. This embodiment 1s
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explained taking a laser beam printer 10 as an example of an
image formation device. The printer 10 in FIG. 1 1s shown
in a configuration for the color printing mode.

The printer 10 has, in order in the direction of rotation of
the photosensitive drum 20 which 1s the image carrier
carrying latent images, a charging unit 30; an exposure unit
40; a developer 50; a primary transier unit 60; an nterme-
diate transfer member 70; and a cleaning unit 75. The printer
10 further has a secondary transfer unit 80; a fixing unit 90;
a display unit 95 which displays various information to the
user; and a control unit 100 which controls these units. The
control unit 100 differs from FIG. 1 in being mounted 1n the
vertical direction with respect to the printer 10.

The photosensitive drum 20 has a cylindrical conductive
base and a photosensitive layer formed on the outer surface
thereot, 1s rotatable about the center axis, and rotates 1n the
clockwise direction, as indicated by an arrow. The charging
unit 30 charges the photosensitive drum 20, and the expo-
sure unit 40 1rradiates the charged photosensitive drum 20
with a beam from an iternal laser, LED array, or other light
source, to form a latent 1image due to static charge on the
photosensitive drum 20. The beam irradiation by the expo-
sure unit 40 1s controlled by a driving signal, modulated
based on 1mage mformation mput from a host computer.

The development device 50 has mounting portions 50a
through 50d, 1into which development units 51 through 54
housing the toner as the developing agent can be detachably
mounted, and 1s a developing rotary, rotatable about the
central axis 50e. By causing the development device 50 to
rotate, bringing the necessary development units 51 through
54 1nto proximity with the photosensitive drum 20, and
supplying the developing agent to the photosensitive drum
20 on which a latent image 1s formed, the latent image 1s
developed mnto an 1mage by the developing agent. In the
example of FIG. 1, development umts 51 through 54,
housing developing agents in the colors black (K), cyan (C),
magenta (M), and yellow (Y), are respectively mounted in
the mounting portions 30a through 504 of the development
device 50, so the printer 1s put into color printing mode, and
in the printing process, the latent 1mage formation on the
photosensitive drum 20 and development using the respec-
tive developing agents are performed, 1n the order CMYK.
Hence upon each process of latent image formation and
development for each color, the development device 50
rotates 1n the clockwise direction, bringing the development
unit of the appropriate color mto proximity with the photo-
sensitive drum 20, to perform development 1n order.

The primary transier unit 60 transfers the toner image
formed on the photosensitive drum 20 to the intermediate
transier member 70. The intermediate transfer member 70 1s
an endless belt, comprising for example PET film on the
surface of which an aluminum evaporation-deposited layer
1s formed, on the surface of which a semiconducting mate-
rial 1s applied, and 1s driven 1n rotation at the same angular
velocity as the photosensitive drum 20. In color printing
mode, 1mages 1n the CMYK colors are transferred, overlap-
ping, onto the intermediate transfer member 70; 1n mono-
chrome printing mode, an 1mage in a single color 1s trans-
ferred onto the intermediate transfer member 70. The
secondary transier unit 80 then transiers the toner image
formed on the intermediate transier member 70 to paper or
some other printing media, the fixing umt 90 fixes the toner
image, transierred onto the printing media, to create a
permanent 1image on the media, and the printing media 1s
then ejected from the printer.

The cleaning unit 75 1s provided between the primary
transier unit 60 and the charging unmit 30, and has a cleaning,
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blade 76 which 1s held in contact with the surface of the
photosensitive drum 20; after primary transfer, the remain-
ing developing agent (toner) on the photosensitive drum 20
1s removed by the cleaning blade 76.

Each of the development units 51 through 34 can be
mounted onto and detached from the development device
50, and 1s provided with storage element, such as for
example non-contact and non-volatile memory, which stores
color information and remaiming amount information for the
developing agent. When power 1s turned on or after a
development unit 1s newly mounted 1n the development
device, the information in the non-volatile memory of the
C
C

evelopment unit 1s read. Also, after development, the
eveloping agent remaining amount information in the non-
volatile memory of the development unit 1s updated.

When the CMYK development units 51 through 54 are

mounted 1n their respective predetermined positions in the
development device 50, the mounted states are 1dentified by
reading information in the above-described non-volatile
memory, and the printer 10 operates 1n color printing mode.
In color printing mode, print job data described 1n a lan-
guage used for color printing 1s supplied by the host com-
puter, and formation of electrostatic latent images on the
photosensitive drum 20, development by the development
unit of the corresponding color, and transier of the toner
image onto the intermediate transfer member 70 by the
primary transier unit 60, are repeated in CMYK order. After
the CMYK toner images have been transferred to the
intermediate transfer member 70, the color image on the
intermediate transier member 70 1s transierred to the paper
or other printing media by the secondary transter unit 80 and
1s fixed by the fixing unit 90, and the printing media is
¢jected from the printer.

Even when the CMYK development units are mounted as
shown 1n FIG. 1, 1if print job data indicating monochrome
printing 1s supplied by the host computer, development 1s
performed by, for example, the black development unit
when black monochrome printing 1s specified, and the
monochrome 1mage 1s formed on the printing media.

FIG. 2 through FIG. 4 show the principal configuration of
the 1mage formation device of the embodiment; 1n these
drawings, the configuration in black monochrome printing
mode (single-color printing mode) 1s shown. In FIG. 2
through FIG. 4, components which are the same as in FIG.
1 are assigned the same reference numbers. In the example
of FIG. 2, a black, development unit 51 1s mounted only 1n
the mounting position 50q for a black development unit of
the development device 50. In this case, black color infor-
mation 1s read from the non-volatile memory provided in the
development umt 51, described below, and the control unit
100 detects that a black development unit 51 1s mounted 1n
the mounting position 30q and that development units are
not mounted in the other mounting positions, as a conse-
quence of which the monochrome printing mode 1s detected.
Even when a single black development unit 1s mounted 1n a
mounting position other than the mounting position for
black 50a, the control unit 100 similarly detects this
mounted state, and so detects the black monochrome print-
ing mode. Operation 1s similar when a development unit 1n
a color other than black 1s mounted; in this case, the
monochrome printing mode 1n the color of the developing
agent of the mounted unit 1s detected. When a monochrome
printing mode 1s detected, the printer driver of the host
computer 1s notified of the mode information, and as a result
the host computer supplies print job data 1n a language for
monochrome printing.




Us 7,313,334 B2

7

In the example of FIG. 3, black development units 51 and
53 are also mounted 1n the magenta mounting position 50c
in addition to the black mounting position 30a in the
development device 50. By means of the physical engaging
means described below, the three color (CMY) development
units for color printing can each be mounted only 1n the
respective mounting positions 5056, 50c, 504 determined in
advance. On the other hand, a black development unit can be
mounted 1n any of the four mounting positions 50a through
50d. And as shown 1n FIG. 3, 1f black development units 51
and 33 are mounted 1n the black mounting position 30a and
in the magenta mounting position 50c¢, the color information
in the non-volatile memory provided in the development
units 1s read, the mounted state 1s detected by the control unit
100, and the black monochrome printing mode 1s detected.

Because two black development units 51 and 53 are
mounted, in monochrome printing, the development umit
with the remaining amount of developing agent 1s given
priority to be rotationally controlled to the position of the
photosensitive drum 20 to execute the development process.
Also, the toner remaining amount information 1s maintained
in the non-volatile memory of the respective development
units 51 and 53, the remaining amount information 1s read,
and whether a development unit 1s mounted, as well as the
remaining amount of toner, are displayed on the display
panel 95 for each of the mounting positions 50a through
50d.

Two black development units can be mounted 1n any two
arbitrary positions; 1n all cases, the printer operates in
monochrome printing mode.

In the example of FIG. 4, black development units 51
through 54 are mounted 1n all the mounting positions of the
development device 50. In this case also, the color infor-
mation in the non-volatile memory of the four development
units 1s read, and the control unit 100 judges the printer to
be 1 monochrome printing mode. The remaining toner
amount information 1n the non-volatile memory of the
respective development units 1s maintained by overwriting,
and 1s read, and the display panel 95 displays information
indicating that the four development units are mounted, and
shows the amounts of toner remaining in each.

FIG. 5 shows the configuration of the control unit 100 in
the embodiment. The control unit 100 has a main controller
101, to which 1s supplied print job data by the host computer,
and which performs prescribed 1image processing and gen-
crates control signals as well as 1image signals. Further the
control unit 100 has an engine controller 102, which controls
cach of the umts of the printing engine. The main controller
101 has an interface 112 which receives print job data from
the host computer; an 1mage memory 113 which stores
image data in the print job data; a CPU 111 which performs
halftone processing and other image processing; and a
memory unit 114, which has non-volatile memory 114a and
RAM and program ROM 114b.

Mode information, indicating whether the printer 1s in
color printing mode or 1s 1n monochrome printing mode, 1s
stored 1n the non-volatile memory 114a. The printing mode
1s judged by the main controller 101 according to informa-
tion from the memory of development units mounted 1n the
development device when power 1s turned on; and the
printing mode information of this judgment 1s written to the
non-volatile memory 114a.

The engine controller 102 has, in addition to a CPU 120,
a memory unit 116; a serial mterface 121; main unit-side
memory 122; an input/output port 123; drniving control
circuits 124, 125, 126 which drive the charging unit 30,
exposure unit 40, and developing unit 50; and a driving
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control circuit group 128 which drives the primary transier
umt 60, secondary transfer unit 80, fixing unit 90, display
unit 95, and cleaning unit 75. In addition, a detection portion
31 which detects the home position of the development
device 50 1s provided.

The engine controller 102 1s supplied by the main con-
troller 101 with control signals which control the printing
process and 1mage signals which control exposure beam
irradiation, and executes control of each unit. The develop-
ment units 51 through 354 mounted in the development
device 50 each have respective development unit memory
devices 51a to 54a. These memory device comprise, for
example, FeRAM, EEPROM, or other non-volatile memory,
and store such information as developing agent color infor-
mation, remaining developing agent amount information,
and development unit IDs. When these memory devices
comprise FeRAM, non-contact access 1s possible via the
serial interface 121; when comprising EEPROM, access 1s
possible by physical connection to the senal interface 121.
When power 1s turned on, and when a development unit 1s
replaced or mounted, the engine controller 102 accesses the
development unit memory devices 51a through 54aq and
reads information indicating whether a development unit 1s
mounted, color information, and similar. In the development
process, information on the amount of developing agent
remaining 1s updated in the memory of a development unit
for which the development process has ended.

The main unit-side memory 122 comprises for example
EEPROM or other non-volatile memory, and stores param-
cter values for engine control and similar. The non-volatile
memory 116a within the memory unit 116 stores informa-
tion as to whether development units are mounted 1n the four
mounting positions of the development device, and the
colors of the mounted development units.

FIG. 6 shows the rotational operation of the development
device. In FIG. 6, three positional relationships between the
development device 50 with the four development units 51
to 54 mounted and the photosensitive drum 20 are shown.
FIG. 6A shows the home position; FIG. 6B shows the
development and memory access position; and FIG. 6C
shows the development unit detachment position. The devel-
opment device 50, which 1s a developing rotary, rotates
about the center axis 50e due to a pulse motor, not shown;
the center shait 50e 1s fixed to a support frame 55 which
holds the development unit.

The home position 1n FIG. 6 A 1s a position detected by the
home position detection portion 31 (FIG. 5), and 1s the reset
position for developing rotary rotation control. In this posi-
tion, the development unit 1s not aligned with the attach-
ment/detachment hole 37 (in FIG. 6C), so that even 1 a
development unit replacement panel (not shown) were
opened, replacement of the development unit would be
prevented.

In the development position 1n FIG. 6B, the development
roller of the development unit 54 1s brought into proximity
with the photosensitive drum 20, and the developing agent
of the development unit 54 1s supplied to the photosensitive
drum 20. Also, 1n this position the memory 53a of the
development unit 53, which has just finished the develop-
ment process, 1s accessed in contact-free fashion by the
serial interface 121, information in the memory 53a 1s read,
and the remaining developing agent amount information 1s
updated. IT non-contact access 1s used, no physical force
need be applied to the development device even during the
development process, so that the development process 1s not
aflected.
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The attachment/detachment position i FIG. 6C 1s a
position to which the development device 1s rotated when
the replacement panel of the development unit 1s opened and
a replacement button 1s pressed; 1n this position, the devel-
opment unit 51 can be replaced via the replacement aperture
37. For example, each time the replacement button 1is
pressed, the development device 50 1s rotated by 90°, with
control executed to rotate successive development units into
the attachment/detachment position. Or, when the out-oi-
toner state 1s detected and development unit replacement 1s
selected, 1n response to the replacement button, the devel-
opment device 50 1s rotated to the position of the develop-
ment unit for which an out-of-toner state has been detected
or to a position into which no development unit has been
mounted. In place of the above replacement button, four
mounting position buttons, corresponding to the four mount-
ing positions, may be provided. In this case, when a mount-
ing position button corresponding to a mounting position for
replacement 1s pressed, the mounting position 1s rotated to
the attachment/detachment position.

FIG. 7 shows the engaging means or element of the
development device and development units. FIG. 7A shows
the engaging structure between the cyan development unit
52 1n the mounting position 506 and the support arm 53; the
protrusion 5256 of the development unit 52 and the depres-
s10n 52¢ of the support frame 55 are formed so as to engage
together. FIG. 7B shows the engaging structure between the
magenta development unit 53 and the support frame 55 in
the mounting position 50c; FIG. 7C shows the engaging
structure between the yellow development unit 54 and the
support frame 55 1n the mounting position 504. Similarly 1n
these drawings, depressions 53¢, 34¢ are provided on the
side of the support frame 35 which engage with the protru-
sions 33b, 54H on the side of the development unit. FIG. 7D
shows the structure of the black development unit 51 and the
support frame 535 1n the mounting position 50a thereof. No
protrusion 1s formed 1n the black development unit 51, and
accompanying this, no depression 1s formed 1n the support
arm 35. Each development unit 1s inserted and retracted 1n
the direction perpendicular to the plane of the paper, to be
mounted or removed.

As 1s seen from the engaging structure shown 1n FIG. 7,
protrusions 52b, 53b, 345 are provided at different positions
on the CMY development units 32, 53, 54, and depressions
52¢, 53¢, 54c¢ are provided at corresponding positions of the
mounting positions 300, 50c, 504 at which the former are
mounted. By means of these engaging structure, the CMY
development units can only be mounted 1n positions deter-
mined 1n advance. Mounting in positions other than prede-
termined positions 1s not possible. Using such physical
engaging means in color printing mode ensures that CMYK
development units are mounted 1 order in the predeter-
mined positions, so that color printing 1s performed at high
printing speed and with high image quality. On the other
hand, no protrusion 1s formed on black development units
51, so that 1n addition to the black mounting position 50aq,
mounting 1n any of the other mounting positions 505, 50c,
504 1s also possible.

FIG. 8 1s a flowchart showing printing mode judgment
operation in this embodiment. FIG. 9 shows a judgment
table for printing mode judgment. When power 1s turned on
(S10), the control unit 100 which 1s the control means of the
printer 10 rotates the development device to the memory
access position, accesses the non-volatile memory of devel-
opment units mounted 1n the development device, and reads
the developing agent color information and remaining-
amount information (512). When 1t 1s recognized that black
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(K), magenta (M), cyan (C), and yellow (Y) development
units are mounted 1n the four mounting positions (the black,
magenta, cyan, and yellow mounting positions) of the devel-
opment device (S14), the main controller 101 of the control
unit 100 judges the printer to be 1n color printing mode, and
writes this data to the non-volatile memory 114a (S16).
When a black development unit 1s recognized as being
mounted 1n any of the four mounting positions (S18), the
main controller 101 of the control unit judges the printer to
be 1n black monochrome printing mode, and writes this data
to the non-volatile memory 114a (520).

Judgments up to this point have been made according to
the judgment table of FIG. 9. That 1s, since only develop-
ment units of the predetermined colors CMY can be
mounted 1n the four mounting positions, therefore when the
printer 1s judged to be in color printing mode, the CMYK
development units are mounted 1n the predetermined order
of rotation. Hence 1n the four development processes of the
color printing mode, the four development units of the
development device 50 need only rotated and brought into
proximity with the photosensitive drum 20 1n order, there-
fore a high-speed printing with high image quality 1s pos-
sible. If the CMYK development units could be mounted 1n
arbitrary mounting positions, in order to perform develop-
ment n CMYK order to achieve high image quality, the
rotation direction of the development device would have to
be changed while bringing the development units 1nto prox-
imity with the photosensitive drum, resulting in complex
rotation control and reducing the development speed.

On the other hand, the printer 1s judged to be 1 black
monochrome printing mode regardless of the mounting
position of the black development unit. That 1s, there are no
constraints on the mounting position of the black develop-
ment unit, and so the user 1s allowed to mount an arbitrary
number of black development units in arbitrary positions,
for increased convenience.

When 1t 1s recognized that a development unit of only one
of the CMY colors 1s mounted (S22), the printer 1s judged to
be 1n monochrome printing mode 1n the color of the devel-
oping agent of the mounted development unit (S24). In this
case, because the CMY development units can only be
mounted 1n predetermined mounting positions, only a single
development unit can be mounted.

When, 1n response to an out-oi-toner display or similar, a
user opens a development unit replacement panel and
presses a development unit replacement button to specily
unit replacement, and then closes the replacement panel
(S26) after development unit replacement, the control unit
100 executes the judgment operations of the above steps S12
to S24. Also, when power 1s turned off, judgment operations
end (528).

FIG. 10 1s a flowchart showing operation 1n black mono-
chrome printing mode. FIG. 11 and FIG. 12 show examples
of the mounted state of development units and of display
panel displays in black monochrome printing mode. In black
monochrome printing mode, an arbitrary number of black
development units are allowed to be mounted 1n arbitrary
positions among the four mounting positions of the devel-
opment device, to simplily the mounting or replacement
operation of development units when 1n an out-of-toner state
or similar; the mounted positions of development units and
the amount of developing agent remaining in each are
displayed on the display panel 95.

As explained 1n the printing mode judgment operation of
FIG. 8, when power 1s turned on, the non-volatile memory
of the mounted development units 1s accessed, and the color
information and remaining amount information for each are
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read and are displayed on the display panel 95. When the
printer 1s judged to be 1n black monochrome printing mode,
as 1n FIG. 11 and FIG. 12, the display panel 95 displays a
display 200 indicating monochrome printing mode, and a
display 201 indicating whether development units are
mounted in each of the mounting positions 202 and the
remaining amount information. For example, when as
shown FIG. 11A a black development unit K 1s mounted 1n
the cyan mounting position 30¢, and 11 the remaining amount
in the black development unit 1s 100%, then the display
panel displays an all-black container symbol in the cyan
mounting position (C in 202), as shown i 95A-1. It the
toner amount remaining in the black development unit 1s
zero, then the display panel displays an all-white container
symbol 201C at the cyan mounting position, as shown 1n
95A-2. In this case, the display indicates that a black
development unit 1s mounted 1n the cyan mounting position,
but that the remaining amount 1s zero.

As shown 1n FIG. 11B, when an empty black development
unit 1s mounted 1n the cyan mounting position 30¢ and a
black development unit with remaining amount 100% 1s
mounted 1n the yellow mounting position 30y, as shown in
95B-1, an empty container symbol 201C 1s displayed in the
cyan mounting position (C 1 202), and an all-black con-
tainer symbol 201Y 1s displayed in the yellow mounting
position (Y 1 202). Subsequently, as the amount of devel-
oping agent remaining in the black development unit 1n the
yellow mounting position decreases, a partially-black con-
tainer symbol 201Y i1s displayed in the yellow mounting
position (Y 1n 202), as shown 1n 95B-2.

In this way, the display panel 95 displays a display 200
indicating the black monochrome printing mode, and a
display 201 indicating which development units are
mounted 1n which mounting positions, with the respective
remaining toner amounts. Hence in black monochrome
printing mode, management of development units, including,
mounting and replacement, can be performed easily.

Returming to FIG. 10, when 1n black monochrome print-
ing mode the amount of developing agent remaiming 1n the
mounted development unit 1s detected to be 0% (530), the
display panel 95 displays an indication to replace the devel-
opment unit due to the out-of-toner state of the development
unit (S36). In black monochrome printing mode, mounting
of a plurality of black development units 1s allowed, and so
a user can view the amounts-remaining display on the
display panel 95 for development units mounted, and when
for example a development unit with toner remaining is
mounted, can 1ssue an instruction to continue printing by
pressing a button on the operation panel or by a command
from the print driver of the host computer. When an 1nstruc-
tion to continue printing 1s input (S38) without replacing the
development unit, if there exist other development units
with toner remaining, an error does not occur even when the
development unit 1s not replaced; but 11 there exist no other
development units with toner remaining, an error occurs
(S42).

When the user opens the development unit replacement
panel and presses the unit replacement button (S32), the
engine controller 102 of the control unit 100 executes
control to rotate the development device rotary until the
mounting position for mounting or the mounting position for
replacement matches the position of the replacement aper-
ture (not shown) (S44). This rotation control 1s performed
automatically such that the position with highest priority 1s
caused to match the replacement aperture, with priority
given first to unmounted positions, then to the mounting
position of a development unit with the amount of toner
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remaining being zero, and then to the mounting position of
a development unit with a small amount of toner remaining.
Judgment of the position to which the development device
should be rotated 1s performed by the control unit 100. Or,
the user can manually specity the position for replacement
by using four development unit buttons.

Hence when a development unit 1s mounted or replaced,
and the replacement panel 1s closed (546), the control unit
100 accesses the memory of the development unit, recog-
nizes the mounting position, and acquires the color infor-
mation and remaining-amount information (S48). And as
shown 1n FIG. 11 and FIG. 12, the control unit 100 displays
the mounting position and remaining-amount information
on the display panel 95 (S50).

When a print job 1s received from the host computer
(S34), in the control unit 100, the main controller 101
performs any necessary halitone processing or other image
processing, and then outputs control signals and image data
to engine controller 102; the engine controller 102 rotates a
development unmit with toner remaining to the position of the
photosensitive drum (S52), and uses this to execute mono-
chrome printing control (S54).

Next, the black development umit mounted state and the
display state of the display panel when using the printer 1n
monochrome printing mode are explained, referring to FIG.
11 and FIG. 12. On the left sides of FIG. 11 and FIG. 12 are
shown examples 1n which black development umts K are
mounted in the development device 50; on the right are
shown examples of displays on the display panel 935.

When use of the printer 1n monochrome printing mode 1s
begun, i for example one black development unit 1s
mounted 1n an arbitrary mounting position, as in FIG. 11A,
printing 1s possible. In the example of FIG. 11A, a black
development unit 1s mounted 1n the cyan mounting position
50c, and so the “monochr” symbol 200 indicating black
monochrome printing mode, and a 100% black container
symbol 201 at the cyan position (C of 202), are displayed
(95A-1). Thereafter, when the development unit 1s used to
repeat monochrome printing, and the toner amount remain-
ing 1n due course decreases, so that a container symbol 201C
indicating that a development unit 1s mounted 1n the cyan
mounting position 30c¢, but the amount remaining 1s zero 1s
displayed (95A-2). The mounting position display 202 need
not necessarily be displayed within the display panel 95, but
may for example be displayed on a seal atlixed adjacent to
the display panel.

At this time, the control unit 100 reads the remaining-
amount information and recognizes that the amount of toner
remaining has become zero, and so displays a message (not
shown) indicating replacement of the development unit due
to the out-of-toner state. The user references the display on
the display panel, and can learn which development unit has
zero remaining developing agent, at which mounting posi-
tions mounting 1s possible without replacing a development
umt, and at which mounting positions development unit
replacement 1s possible.

The user then opens the replacement panel, uses a button
to manually specily the mounting position or replacement
position for a new development unit, and causes the control
unit 100 to rotate the mounting position of the development
device to the replacement aperture. Or, the user opens the
replacement panel, presses a development unit replacement
button, and automatically causes rotation to the position for
mounting. In this automated rotation control, the mounting
position 1s selected with priority given first to unmounted
positions, then to mounting positions of development units
with zero remaining toner, and then to the mounting position
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of the development unit with the least remaining toner.
Control 1s executed to rotate the selected position to the
position of the replacement aperture.

In the example of FIG. 11B, a new development unit 1s
mounted in the yellow position. Consequently a 100%
remaining symbol 201Y 1s displayed at the yellow position
(Y of 202) on the display panel 95 (95B-1). When 1n due
course the amount of toner remaining 1n this development
unit decreases, the black display area of the container
symbol 201Y 1s made smaller (95B-2).

In the example of FIG. 11C, a new development unit 1s
mounted in the black position, and a container symbol 201K
1s displayed on the display panel 95 indicating a remaining
amount of 100% at the black position (K of 202) (95C-1).
When 1n due course the remaining amount 1n this develop-
ment unit decreases, the black display area of the container
symbol 201K becomes smaller (95C-2). In this state, the
display panel shows that the remaiming amounts of the
development units 1 the cyan position and 1n the yellow
position are zero, and that the amount remaimng 1n the
development unit 1 the black position 1s low.

In the example of FIG. 11D, a new development unit 1s
mounted in the magenta position, and the display panel
shows that, in due course, the toner amount remaimng 1s
decreased.

FIG. 12 shows examples in which black development
units are mounted 1n all four mounting positions. In FIG.
12E through FIG. 12H, the display state of the display panel
95 1s shown when the toner amount remaining 1s zero in the
development unit mounted 1n, 1n order, the cyan position, the
yellow position, the black position, and the magenta posi-
tion. The display panel 95 shows that development units are
mounted in the four positions, and shows the remaiming
toner amounts 1 each. Hence in processing to replace a
development unit accompanying an out-of-toner state, the
user can easily judge when to replace the development units
at which positions.

FIG. 13 shows an example of display of development unit
mounted positions and toner amounts remaining, by means
of the printer driver of the host computer. The printer 10 1s
connected to the host computer 1 either directly or via a
network; by means of the printer driver 2 installed 1n the host
computer 1, an image 4 showing the mounting positions and
toner remaining amounts of development units can be dis-
played on the display 3.

When power 1s turned on, the main controller 101
acquires, via the engine controller 102, mounting position
and color mformation as well as toner remaining-amount
information for the development units 51 to 54 1n the engine
103, and notifies the printer driver 2. Thereafter, when the
mounted state of a development unit changes, or when the
toner remaining-amount information 1s updated, the printer
driver 1s notified of this information. As shown 1n the image
4 1n the FIG. 13, the fact that the printing mode 1s the black
monochrome printing mode, whether development units are
mounted 1n the respective CMYK mounting positions, and
the amounts of toner remaining can be displayed on the
monitor screen 3 of the host computer 1 for the user to view.
The information displayed 1s the same as that on the display
panel 95, and 1s as explained in FIG. 11 and FIG. 12.

In the above embodiment, a monochrome printing mode
for printing 1n black has been explained; however, these
aspects can be applied to monochrome (single-color) print-
ing modes 1n any of the CMY colors other than black as well.

What 1s claimed 1s:

1. An 1mage formation device, comprising:

an 1mage carrier in which 1s formed a latent 1mage;
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a development device 1n which a plurality of development
units housing a developing agent can be detachably
mounted; and

a control unmit that controls a print operation, wherein:

development units of a plurality of colors used to form
color 1images, excluding a development unit of black
color to form monochrome 1mages, are mountable only
in respectively reserved mounting positions of said
development device,

said development unit of black color 1s mountable 1n any
mounting position among said plurality of mounting
positions,

when the development units of the plurality of colors,
used to form color 1mages, are mounted 1n the respec-
tively reserved mounting positions of said development
device, said control unit controls the print operation to
operate 1n a color printing mode and controls a devel-
opment process by using the development units of the
plurality colors in an order of the reserved mounting
positions;

when the development unit of black color 1s mounted 1n
any of the plurality of mounting positions, the control
unit controls the print operation to operate 1 a mono-
chrome printing mode.

2. The mmage formation device according to claim 1,
wherein the development units of said plurality of colors,
excluding the development unit of black color, are mounted
in said respectively reserved mounting positions of said
development device wvia respectively diflerent engaging
structure, and said development unit of black color has
engaging structure enabling mounting in the any of said
plurality of mounting positions.

3. The image formation device according to eirther claim
1 or claim 2, wherein, even when a plurality of said
development units of black color are mounted m said
development device, operation 1s 1n said monochrome print-
ing mode.

4. The mmage formation device according to claim 1,
wherein each of said development units has a storage unit
which stores color information and remaining-amount infor-
mation for the developing agent housed therein, and said
control unit judges whether the print operation 1s m said
color printing mode or monochrome printing mode, accord-
ing to the color information in said storage unit of devel-
opment units mounted 1n said development device.

5. The mmage formation device according to claim 4,
wherein when said control unit judges the print operation to
be 1n said monochrome printing mode, the control unit uses
a development unit of black color with developing agent
remaining among said mounted development units to
develop the latent image 1n said 1image carrier.

6. The 1mage formation device according to claim 4,
further having a display unit which displays, 1n association
with said plurality of mounting positions, whether said
development unit 1s mounted, and information on the
amount of developing agent remaining 1n a mounted devel-
opment unit; and wherein

said control unit causes said display unmit to display
information on whether a development unit 1s mounted
at each of said plurality of mounting positions and
remaining-amount 1information for the developing
agent of the mounted development unit.

7. The mmage formation device according to claim 6,
wherein said control unit causes said display unit to display
information for distinguishing said color printing mode and
monochrome printing mode.
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8. The mmage formation device according to claim 4,

wherein

said control unit appropriately outputs, to a host computer
connected to the 1mage formation device, data indicat-
ing information on whether said development unit is
mounted, color imformation and remaining-amount
information of developing agent 1n the mounted devel-
opment unit, 1n association with said plurality of
mounting positions.

9. The 1mage formation device according to claim 8,

wherein said control unit outputs, to said host computer, data
causing a display to distinguish between said color printing
mode and monochrome printing mode.

10. An 1mage formation device, comprising;:

an 1mage carrier 1n which 1s formed a latent image;

a development device in which a plurality of development
unmits housing a developing agent can be detachably
mounted; and

a control unit that controls a print operation, wherein:

development units of a plurality of colors used to form
color images, excluding a development unit of black
color to form monochrome 1images, are mountable only
in respectively reserved mounting positions of said
development device,

said development unit of black color 1s mountable 1n any
mounting position among said plurality of mounting
positions,

when the development units of the plurality of colors,
used to form color 1images, are mounted 1n the respec-
tively reserved mounting positions of said development
device, said control unit controls the print operation to
operate a color printing mode and controls a develop-
ment process by using the development units of the
plurality colors 1n an order of the reserved mounting
positions;

when a the development unit of black color 1s mounted 1n
any of the plurality of mounting positions, said control
umt controls the print operation to in a monochrome
printing mode;

cach of said development units has a storage unit which
stores color information and remaining-amount infor-
mation for the developing agent housed therein; and,

said 1mage formation device further has a display unit

which displays, in association with said plurality of

mounting positions, information as to whether said
development unit 1s mounted and remaining-amount
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information for the developing agent of the mounted
development unit, according to the color information
and remaining-amount information stored 1n said stor-
age unit ol development units mounted 1n said devel-
opment device.

11. An 1mage formation device, comprising:

an 1mage carrier 1n which 1s formed a latent image;

a development device a plurality of development units
housing a developing agent can be detachably
mounted; and

a control umt that controls a print operation, wherein:

development units of plurality of colors used to form
color 1mages, excluding a development unit of black
color to form monochrome 1mages, are mountable only
in respectively reserved mounting positions of said
development device,

said development unit of black color 1s mountable 1n any
mounting position among said plurality of mounting
positions,

when the development units of the plurality of colors,
used to form color 1mage, are mounted 1n the respec-
tively reserved mounting positions of said development
device, said control unit controls the print operation to
be operated 1n a color printing mode and controls a
development process by using the development units of
the plurality colors 1n an order of the reserved mounting
positions;

when the development unit of black color 1s mounted 1n
any of the plurality of mounting positions, said control
unit controls the print operation to be operated in a
monochrome printing mode;

cach of said development units has a storage unit which
stores color information and remaining-amount infor-
mation for the developing agent housed therein; and,

said control unmit outputs to a host computer connected to
the 1mage formation device, and, 1n association with
said plurality of mounting positions, display data to
display information as to whether said development
unit 1s mounted and remaining-amount information for
the developing agent of the mounted development unit,
according to the color information and remaining-
amount information stored i said storage unit of
development units mounted 1n said development
device.
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